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ABSTRACT — The effects of subcutaneous administration of synthetic salmon calcitonin (sCT) on the pars intermedia (PI) 
cells of the pituitary gland in the rat were investigated histologically, immunohistochemically, and electron microscopical- 
ly. Chronic administration of sCT at 0.75, 7.5, 30 or 120 IU/kg/day for 4 or 52 weeks to male and female rats induced 
hypertrophy of PI cells and thickening of the PI without any sign of toxicity. The mean size of PI cells was significantly 
increased in sCT-treated rats compared to vehicle treated rats, and the magnitude of increase was dose-dependent. sCT 
treatment of male rats at 120 IU/kg for 3, 7 and 14 days induced 2.8-, 2.6-, and 2.3-fold increase, respectively, in the rate of 
cell proliferation in the PI estimated by labeling of the nuclei with bromodeoxyuridine. Electron microscopic 
examination in male rats after sCT treatment at 120 IU/kg for 4 weeks disclosed Golgi complex hypertrophy with 
electron-dense secretory granules and expansion of rough endoplasmic reticulum. Immunohistochemical staining of the 
PI for or-melanocyte stimulating hormone and /9-endorphin disclosed no marked differences between the control and 
sCT-treated rats. These results suggest that sCT at pharmacological doses stimulates and increases the thickness of the PI 
of the rat pituitary gland by increasing the rate of cell proliferation and by inducing hypertrophy of individual cells. 


INTRODUCTION 

The pars intermedia (PI) of the murine pituitary gland 
contains several peptides cosynthesized in a common precur- 
sor, proopiomelanocortin (POMC). These include a- 
melanocyte stimulating hormone (oMSH), /9MSH, /MSH, 
corticotropin-like intermediate peptide, /-lipotropin, met- 
enkephalin and /9-endorphin [8, 24]. In mammals, oMSH 
and /9-endorphin play a role in the control of pigmentation 
and are thought to be involved in the regulation of the 
endocrine and cardiovascular systems and in central processes 
such as analgesia, attention, and arousal [13, 25]. The PI is 
known to be regulated primarily by dopaminergic neurons 
emanating from the arcuate nucleus of the hypothalamus and 
terminating directly on PI cells [3, 31]. Thus, pharmacolo- 
gical manipulation with dopaminergic drugs has been shown 
to elicit changes in the rat PI morphology, secretion of 
POMC-derived peptides, POMC mRNA content, and rate of 
cell proliferation [4, 6, 7, 9, 14]. 

Recently, we observed non-functional tumors in the pars 
distalis of the rat pituitary gland [26] following the administra- 
tion for one year of synthetic salmon calcitonin (sCT), which 
lowers the serum calcium level by inhibiting bone resorption 
[28]. In these experiments, we also noted hypertrophy of 
the PI in the sCT-treated rats. To elucidate the effects of 
sCT on the cells in the rat PI, we histologically and immuno- 
histochemically examined the cell size and the cell prolifera- 
tion rate after subchronic and chronic treatment with sCT, 
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using monoclonal antibody against bromodeoxyuridine 
(BrdU), together with ultrastructural observation. 

MATERIALS AND METHODS 

Six-week-old male and female Sprague-Dawley rats (Charles 
River Japan Inc., Atsugi) were used in the experiments. The rats 
were housed individually in plastic cages and given standard labora- 
tory feed (CE-2, Clea Japan Inc., Tokyo) and tap water ad libitum. 
The rats were kept under room temperature and relative humidity 
conditions of 22+2°C and 60+10%, respectively, on a 12-12 hr 
light-dark cycle. 

The sCT (Teikoku Hormone Co. Ltd., Kawasaki) is the type-I 
form of naturally produced salmon calcitonins [11], and has a potency 
of about 5000 IU/mg. The sCT was dissolved in an acetic buffer 
(pH 4.0). Haloperidol (Wako Pure Chemical, Tokyo) was sus- 
pended in saline solution containing 1% Tween-80, and BrdU 
(Sigma, St. Louis, USA) was dissolved in 50% dimethylsulfoxide 
solution. 

In the first experiment, the effects of long-term administration of 
sCT at various doses on the size and morphology of PI cells were 
examined. This experiment was carried out as a part of a one-year 
chronic toxicity study of sCT. Groups of 10 rats of each sex were 
injected subcutaneously with vehicle or with sCT at 0.75, 7.5, 30 or 
120 IU/kg once daily for 4 or 52 weeks. The rats were killed on the 
day after the last injection under ether anesthesia. The pituitary 
glands were removed, fixed in 10% buffered formalin, and embedded 
in paraffin. Sections 4 fim thick were cut in the frontal plane and 
stained with hematoxylin and eosin. In the measurement of the size 
of PI cells, 3 sections were obtained from the mid-portion of each PI. 
On the light micrographs of these sections, the number of nuclei of PI 
cells was counted, and the area occupied by these cells was measured. 
Finally, for each PI, the size of a single cell was calculated by dividing 
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the total area by the number of nuclei. Immunohistochemical 
staining for aMSH and /9-endorphin was carried out on sections of the 
pituitary from 5 male rats in each group treated with vehicle or sCT 
(120 IU/kg) for 4 or 52 weeks by the avidin-bio tin-peroxidase 
complex (ABC) method [15], using a Nichirei ABC Kit (Nichirei, 
Tokyo). The antibodies against aMSH (dilution, 1:2000) and /?- 
endorphin (1:4000) were obtained from UCB -Bioproducts, Bel- 
gium. For the ultrastructural observation, the pituitary glands of 5 
male rats treated with vehicle or sCT (120 IU/kg) for 4 weeks were 
fixed in 2.5% glutaraldehyde for 3 hr at 4°C, followed by 1% Os0 4 
for 1 hr, and then embedded in Quetol 812. Ultrathin sections were 
stained with uranyl acetate and lead citrate, and examined with a 
JEOL-1200EX electron microscope. 

In the second experiment, the effect of sCT on the PI cell 
proliferation was estimated by the BrdU immunohistochemical tech- 
nique described by Tatematsu et al. [30]. In this study, before the 
rat was killed, continuous administration of BrdU (120 p. g/hr) into 
the peritoneal cavity was carried out for 72 hr through Alzet osmotic 
minipumps (Model 2001, Alza Corp.,Palo Alto, Calif., USA). The 
superior sensitivity of continuous labeling in comparison with pulse 
labeling for assessment of DNA replication in rodent tissues has been 
well documented [10]. Groups of 15 male rats each received daily 
administration of vehicle or sCT (120 IU/kg) by subcutaneous injec- 
tion or haloperidol (10 mg/kg) orally once daily for 3, 7 or 14 days. 
Five rats in each group were sacrificed on days 3, 7 and 14. The 
pituitary glands were fixed in Bouin’s solution for 4 hr, embedded in 
paraffin, and sectioned in the frontal plane. Sections 4 /im thick 
were hydrolyzed with 2N HC1 for 20 min at 25°C and neutralized with 
0.1 M boric acid-borate buffer (pH 7.6) for 10 min at 25°C, and then 
digested for 3 min at 37°C with 0.04% actinase (Kaken Kagaku, 
Tokyo) in 0.01 M phosphate-buffered saline. The monoclonal anti- 
body of BrdU (Becton-Dickinson, Mountain View, CA, USA; 
dilution, 1 : 100) was used for immunohistochemical staining using the 
Nichirei ABC- Kit. After immunostaining, the sections were coun- 
terstained with hematoxylin. The BrdU labeling index was defined 
as the percentage of BrdU-labeled cells per total cells (more than 
1000 PI cells) in 2 sections of each PI. 

Data are expressed as mean±SD. Statistical analyses were 
conducted with multiple comparison test after one-way analysis of 
variance (ANOVA) of the data for the PI cell area and Student’s 
t-test for the BrdU labeling index. 


RESULTS 

PI histology and mean cell size 

In the vehicle-treated rats, the PI was composed of 10 or 
more layers of closely packed cells divided into lobules by 
strands of connective tissue. The principal type of PI cells 
was a polyhedral cell with an ovoid smooth nucleus (Fig. la). 
A small number of interstitial cells were also distributed 
throughout the parenchyma of the PI. 

Chronic sCT treatment for 4 or 52 weeks induced 
hypertrophy of the PI cells in both male and female rats (Fig. 
lb). sCT treatment also increased the thickness of the PI 
without inducing any disorder of the lobular structure or 
degeneration of PI cells. Compared with that in the vehicle- 
treated rats, the mean cell size was significantly increased in 
the male rats treated with sCT at the doses of 7.5 IU/kg or 
more and in the female rats treated with sCT at the doses of 
30 and 120 IU/kg (Table 1). The magnitude of this increase 
was dose-dependent. 


Table 1. The mean PI cell area in male and female rats treated 
subcutaneously with sCT for 4 or 52 weeks 


sCT 


Mean PI cell area±SD Cam 2 ) 

(IU/kg/day) 


4 weeks 


52 weeks 

Male 

0 

(10) a 

131.3 + 14.3 

(10) 

116.3+ 9.9 

0.75 

(10) 

141.5+18.0 

(10) 

124.7 + 11.9 

7.5 

(10) 

155.2 + 18.6* 

( 8) 

136.2+23.8 

30 

(10) 

178.8+17.6** 

( 5) 

160.2+26.2 

120 

(10) 

187.5 + 18.0** 

( 6) 

200.7+21.5** 

Female 

0 

(10) 

110.0+ 6.0 

(10) 

105.4 + 10.3 

0.75 

(10) 

107.7+ 8.6 

(10) 

105.6+ 7.0 

7.5 

(10) 

113.7+ 8.6 

(10) 

109.4 + 11.1 

30 

(10) 

126.0+11.5** 

(10) 

156.1+ 9.7** 

120 

(10) 

151.0+14.1** 

(10) 

186.4 + 12.3** 


a No. of rats. 

* p<0.05. 

** p<0.01 vs. vehicle control. 
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Fig. 1. Light micrographs of the PI of the pituitary gland in male rats treated subcutaneously with vehicle (a) or 120 IU/kg of sCT (b) for 4 
weeks. The PI cells in the rat given sCT demonstrate diffuse hypertrophy. I, pars intermedia; D, pars distalis. Hematoxylin-eosin, X 
150. 
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Fig. 2. Effect of repeated sCT or haloperidol treatment on BrdU 
labeling index in the PI of the rat pituitary gland. Groups of 
five rats each were treated with vehicle (s.c.), 120 IU/kg of sCT 
(s.c.), or 10 mg/kg of haloperidol (p.o.) for 3, 7 and 14 days. 
BrdU (120 //g/hr) was injected continuously through an osmotic 
minipump for 72 hr prior to sacrifice. Data are expressed as 
mean + SD. Open columns, vehicle-treated; hatched columns, 
sCT-treated; closed columns, haloperidol-treated. **, p<0.01 
vs. vehicle controls. 


Cell proliferation in PI 

After the treatment for 3, 7, and 14 days, the mean BrdU 
labeling indices in the sCT-treated rats were significantly 
higher (2.8-, 2.6-, and 2.3-fold, respectively) than those in the 
rats given vehicle only (Figs. 2 and 3). Haloperidol also 
significantly increased the number of cells labeled by BrdU 
(more than 2-fold) after all 3 treatment periods. 

Ultrastructural findings of PI 

In the vehicle- treated rats, the glandular cells of the PI 
contained numerous secretory granules of variable density 
(Fig. 4). Secretory granules were distributed randomly 
throughout the cytoplasm. The Golgi complexes, with a 
small number of electron-dense granules, were rather incon- 
spicuous (Fig. 4). The rough endoplasmic reticulum was 
scarce. 

The PI cells in the sCT-treated rats were highly enlarged, 
and the secretory glanules were located at the periphery of 
the cells. The Golgi complexes showed marked hypertrophy 
associated with an increase in the number of electron-dense 



Fig. 3. Immunohistochemistry of BrdU in the pituitary PI of male rats treated with vehicle (a) or 120 IU/kg of sCT (b) for 3 days. The dark 
nuclei are BrdU-labeled nuclei. The sCT treatment markedly increased the number of BrdU- positive cells. I, pars intermedia; D, pars 
distalis; N, pars nervosa. Xl30. 



Fig. 4. Electron micrograph of the PI cells in a male rat treated with vehicle for 4 weeks. The cytoplasm contains numerous secretory granules 
(S) and Golgi complexes (arrows) with a small number of electron dense granules. X6500. 
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Fig. 5. Electron micrographs of the PI cells in a male rat treated with 120IU/kg of sCT for 4 weeks. Note the activated Golgi complex 
(arrows), accumulation of secretory granules (S) in the cell periphery (a), and well-developed rough endoplasmic reticulum (b). E, rough 
endoplasmic reticulum. X6500. 



Fig. 6. lmmunohistochemistry for aMSH (a) or /?-endorphin (b) in the pituitary PI of male rats treated with 120 IU/kg of sCT for 4 weeks. 
Except for interstitial cells and cleft cells, all PI cells are equally stained by antibodies against aMSH and /?-endorphin. 1, pars intermedia; 
D, pars distalis. X165. 



Calcitonin and Pituitary PI Cells 


869 


secretory granules (Fig. 5a). The rough endoplasmic reticu- 
lum was conspicuous and well developed, and many of the PI 
cells showed parallel arrays of rough endoplasmic reticulum 
(Fig. 5b). 

Immunohistochemistry for a-MSH and /9 - endorphin 

All PI cells were equally stained by antibodies against 
aMSH and /9-endorphin in both vehicle- and sCT-treated rats 
excepting the cells of the interlobular connective tissue, 
interstitial cells, and marginal cells lining Rathke’s cleft (Figs. 
6a and b). A small number of cells in the pars distalis were 
also stained by antibodies against aMSH and /9-endorphin. 
These immunohistochemical staining features were identical 
to those described by Kurosumi et al. [22], No difference 
was seen between the control and sCT-treated rats in the 
immunostaining for aMSH and /9-endorphin. 

DISCUSSION 

Chronic treatment of rats with sCT was shown to induce 
hypertrophy of PI cells and increased thickness of the PI 
without any sign of toxicity or alteration of immunostaining 
for aMSH and /9-endorphin. The size of PI cells showed 
dose-dependent increase in the sCT-treated rats. Electron 
microscopic examination revealed that sCT treatment caused 
hypertrophy of Golgi complexes associated with an increase 
of electron-dense secretory granules and expansion of rough 
endoplasmic reticulum. Such cytological changes have been 
observed in dark-adapted amphibians [27], which are known 
to release MSH under that condition [12]. In mammals, the 
PI cells also exhibit changes similar to those described herein 
under a variety of conditions or during drug treatment which 
enhance the activity of the PI, such as exposure to bright light 
and loud noises [23], variation in hydromineral intake [17— 
21], and reserpine, metapirone and haloperidol injection [7, 
29 , 32]. Thus, the morphological changes after sCT treat- 
ment strongly suggest that sCT enhances the activity of the PI 
of the rat pituitary gland. 

The increase in the rate of cell proliferation of the PI is 
further evidence that the PI is stimulated by sCT treatment. 
The daily administration of sCT for 3, 7 and 14 days produced 
2.8-, 2.6-, and 2.3-fold increase, respectively, in the rate of 
cell proliferation estimated by BrdU labeling. This increase 
after sCT treatment is indicative of hyperfunction of the PI, 
since haloperidol, a D-2 dopamine receptor antagonist which 
enhances PI function, increases and bromocriptin, a D-2 
agonist which inhibits the PI, decreases the rates of cell 
proliferation as determined by the uptake of [ 3 H]thymidine 
or by the mitotic index [7]. In the present experiment, 
haloperidol also produced more than a 2-fold increase in the 
rate of cell proliferation in our model. 

It has been shown that sCT administration to rats 
markedly increases the urine water and sodium excretion and 
causes hyponatremia [1, 16]. The diuretic and natriuretic 
activities of sCT were confirmed in the present studies (data 
not shown), and the sCT-treated rats developed pronounced 


polyuria within a few days. Although the mechanism is 
poorly understood, there is considerable evidence for the 
involvement of the PI in hydromineral regulation through the 
control of aldosterone secretion by the adrenal cortex [5, 17, 
20]. Therefore, variation in salt intake alters the function 
and morphology of the PI. Dehydration selectively activates 
the tuberohypophyseal dopaminergic neuronal system and 
inhibits the PI in rats [2]. On the other hand, hyponatremia 
induced by dietary sodium deprivation [17, 18, 21] as well as 
excessive water intake induced by food deprivation and 
concurrent free access to glucose solution [19], conditions 
exactly the opposite to dehydration, enhance the activity of 
PI cells. The physiological state induced by sCT treatment is 
similar to a condition opposite to dehydration. Thus, there 
is a posibility that alteration of hydromineral metabolism by 
sCT attenuates the dopaminergic inhibitory control and 
stimulates the PI cells. Further biochemical studies and 
urinalyses in relation to the function of the adrenal zona 
glomerulosa are in progress to examine the mechanism of 
activation of the PI in rats after sCT treatment. 
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